D
espite advances in the perioperative management of hip fractures, and a greater understanding of the causes of mortality and morbidity associated with hip fracture [1] [2] [3] [4] , mortality rates in the U.K. have remained static for 4 decades 5 . By implementing the Scottish Standards of Care for Hip Fracture Patients (SSCHFP), Scotland became the first country to have a nationally agreed-on, evidence-based collection of care standards to ensure a consistently high level of care for patients with a hip fracture 1 . Despite implementation of the SSCHFP in 2014, to our knowledge, there are no data assessing the effect of the standards on patient outcomes. Previous studies of the U.K. National Hip Fracture Database have demonstrated an association between national audit and a reduction in mortality; however, this was through indirect methods only 2 . The aims of the present study were to (1) determine which care standards are associated significantly with specific outcomes and (2) ascertain whether cumulative attainment of the standards is predictive of a favorable outcome.
Materials and Methods
A retrospective analysis of prospective cohort data was undertaken with the use of anonymized audit data that had been collected prospectively by the Scottish MSK 2, 2018 (Musculoskeletal) and Orthopaedic Quality Drive 3 on behalf of Healthcare Improvement Scotland (HIS), a monitoring subsidiary of NHS Scotland. Data were collected by local audit coordinators who were employed by the individual hospitals. This was prospective audit data to be used for quality improvement and research purposes as part of the Scottish Hip Fracture Audit framework 4 . These data have been used by the Scottish Government as annual trend reporting of hospital-specific data, and audit data collection methods have been previously published [5] [6] [7] [8] . The study hypothesis was derived by the authors without prior knowledge of (or access to) the data; authors had no role in the recruitment of patients.
At the time of the audit, the SSCHFP 6 contained 6 groups of care standards relating to preoperative, perioperative, and postoperative care. We derived 12 individual standards that are reliably measurable from these 6 groups as detailed below. The SSCHFP were rolled out concomitantly with the start of the audit process. The data included all hip fracture patients ( ‡50 years old) admitted to any of the 21 participating Scottish hospitals on a "1 week in 4" basis (i.e., recruiting a quarter of all patients), from January to September 2014, who were followed for 120 days after admission. Hip fracture patients were identified prospectively, and data were collected from medical notes, patient information, results reporting, referral management, and admission tracking systems. Descriptions of the demographic and outcome variables, and potential confounding covariates, are shown in Table I. At the individual patient level, each care standard (CS) was categorized as being either achieved (a score of 1) or not achieved (a score of 0). The Total Care Score (TCS) equates to the sum of the CS values for each patient. The criteria for meeting each care standard were as follows:
1. Less than 2 hours spent in the emergency department (ED); 2. Analgesia offered in the ED; 3. The ED "Big-6" bundle (analgesia, vital signs, fluid optimization, laboratory blood tests, cognition assessment, and pressure area assessment) completed; 4. Inpatient assessment bundle (falls risk, nutrition, cognition, and pressure area assessment) completed within 24 hours; 5. Comprehensive geriatric assessment performed within 48 hours; 6. Fasting from food for £10 hours; 7. Fasting from fluids for £4 hours; 8. Surgery within 48 hours if medically fit; 9. No routine urinary catheterization; 10. Physiotherapy input by first postoperative day; 11. Occupational therapy (OT) input by third postoperative day; 12. Discharge planning commenced within 48 hours. There was a potential score range from 0 to 12; however, because no patient received a TCS of >9, results ranged from 1 to 9. Scores were stratified into low, moderate, and high-adherence categories, with cutoff points that ensured 
reasonable proportions based on the frequency distribution of the sample: a TCS of 1 to 4 (category 1) indicated low adherence; a TCS of 5 to 6 (category 2), moderate adherence; and a TCS of ‡7 (category 3), high adherence. The numbers of men and women who met each CS were calculated and compared using the chi-square test. Using bivariate logistic regression, odds ratios (ORs) for the outcomes of 30 and 120-day mortality, dichotomized length of stay (LOS) in an acute orthopaedic unit (less than median versus greater than median), and discharge destination were calculated for each CS and for potential confounders (age, sex, and type of residence prior to admission). A multiple regression model was then used to assess the same variables using a forward selection model with a cutoff value of p < 0.10. To avoid overfitting, a maximum of 3 and 5 variables were selected for the outcomes of 30 and 120-day mortality, respectively. In the circumstance of having eligible variables in excess of those allowed, variables with the lowest p values on bivariate regression were selected. When ‡2 variables had the same p value, then those with the largest effect size were chosen. All logistic regression results are presented as the OR and 95% confidence interval (CI).
Demographic and outcome data were assessed across the TCS categories with the use of chi-square analysis. The TCS categories were also used to determine ORs and 95% CIs for outcome data comparing those with a low TCS (category 1; a TCS of £4) with the reference category (categories 2 and 3 combined; a TCS of ‡5). Values were adjusted for age, sex, and residence prior to admission.
Statistical analysis was carried out using IBM SPSS Statistics for Windows (version 24.0; IBM). P values were set at a significance level of <0.05 for 2-sided tests in all analyses. All missing data were assumed to be random as preliminary data checks demonstrated negligible differences in characteristics between patients with complete data and those with missing data.
Our study was conducted in accordance with the 1964 Declaration of Helsinki and its later amendments. Approval was obtained from the governing body, NHS National Services Scotland. The study complied with the Caldicott principles-the data guardianship regulations governing the use of patient data in the United Kingdom. Given the nature of the study, ethical approval was not required.
Results

O
ne thousand one hundred and sixty-two patients with a hip fracture (72.9% of whom were female) were identified and included in the data collection. The data captured 98% of eligible subjects. Follow-up data to 120 days after admission were available for 92% of the patients, although a small number were lost to audit when they transferred to other areas. The most frequent age group was 80 to 84 years (21.8%), with significantly lower proportions of men than women who were ‡75 years old (73.0% versus 78.4%; p = 0.05).
Results for the comparison of sample characteristics for those receiving optimum versus suboptimum care according to the SSCHFP are shown in Table I . A significantly higher proportion of women underwent perioperative urinary catheterization and received OT by the end of the third postoperative day.
Results of bivariate logistic regression analysis demonstrated that the absence of urinary catheterization, OT input by the end of the third postoperative day, younger age, and a preadmission residence of home or elderly housing were associated with a significantly lower risk of mortality at 30 and 120 days. Female sex was also associated with a significantly lower risk of mortality at 120 days. The completion of all inpatient assessment bundles within 24 hours of admission, geriatrician input within 48 hours, absence of catheterization, and younger age were all associated with a significantly greater likelihood of a short LOS, i.e., an acute orthopaedic LOS less than the median LOS. Preadmission residence of home or elderly housing was associated with an acute orthopaedic LOS that was significantly longer than the median LOS. Care variables associated with a significantly higher chance of discharge to a high-care destination (destination other than home or elderly housing) included discharge planning within 48 hours, completion of the ED Big-6 bundle, and geriatrician input within 48 hours. Care variables associated with a significantly higher likelihood of discharge to a low-care destination (home or elderly housing) included time in the ED of <2 hours, physiotherapy (PT) input by the first postoperative day, OT input by the third postoperative day, fasting from fluids for £4 hours, absence of catheterization, and younger age. Full results of this analysis are shown in Table II .
Results of the forward selection multiple logistic regression demonstrated 2 variables that were significantly associated with greater odds of reduced mortality at 30 days: OT input by the end of the third postoperative day and younger age. These associations were similar for mortality at 120 days, with the addition of a reduced risk of death in patients admitted from home or elderly housing, those not undergoing urinary catheterization, and those who were female. Outcomes associated with a significantly greater likelihood of a short LOS included the absence of catheterization and younger age. A preadmission residence of home or elderly housing was associated with a significantly increased likelihood of a long LOS. Only 1 care standard was associated with significantly greater odds of discharge to a destination other than home or elderly housing: commencement of discharge planning within 48 hours of admission. PTand OT input by the first and third postoperative days, respectively; absence of urinary catheterization; younger age; and fasting from fluids for £4 hours were associated with a significantly higher likelihood of a discharge destination of home or elderly housing. Details of these results are shown in Table II .
Comparison of patient characteristics and outcome across categories of TCS revealed significant differences in age, preadmission residence, survival at 30 and 120 days, discharge destination, and LOS (Table III) .
Low TCS was associated with a significantly increased mortality at 30 and 120 days (OR, 3.58 [95% CI, 1.75 to 7.32; p < 0.0001] and 2.01 [95% CI, 1.28 to 3.12; p = 0.003], respectively), and a significantly lower probability of a short LOS (OR, (10) *Complete data were not available for all patients as a small number were lost to audit when the patients transferred to other areas. *The values were adjusted for age, sex, and location of residence prior to admission. Category-1 TCS (1 to 4) indicated low adherence to SSCHFP; category-2 TCS (5 to 6), moderate adherence; and category-3 TCS ( ‡7), high adherence. A TCS of ‡5 was the reference category.
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0.58 [95% CI, 0.42 to 0.78; p < 0.0001]). Low TCS was also significantly associated with an increased likelihood of a destination to a high-care setting (OR, 1.63 [95% CI, 1.12 to 2.36; p = 0.01]) (Table IV) .
Discussion
H ip fracture is an important source of morbidity and mortality, with a threefold higher age and sex-standardized mortality rate compared with that of the general population 9 . The prevalence of hip fractures is rising because of the aging population 10 , placing increasing pressures on health-care systems. The SSCHFP were introduced in 2014 to ensure a consistently high standard of care across all hospitals managing hip fracture.
This study found a significant association between cumulative attainment of the SSCHFP and reduced 30 and 120-day mortality, increased likelihood of a short LOS, and higher probability of discharge to a destination equivalent to the prefracture level of care . Analysis of individual care variables through multiple regression indicates that the impact of the standards as a whole is greater than the sum of the parts and highlights the importance of a multidisciplinary team approach to the care of hip fracture patients.
The association between prompt physiotherapy and greater likelihood of discharge to a favorable destination highlights the importance of early mobilization of patients to reduce the requirement for further care in a rehabilitation unit.
Adherence to the SSCHFP was reasonably good, with the exception of fluid and food fasting times (both of which are associated with increased postoperative mortality 11 ); discharge planning within 48 hours; and the ED Big-6 bundle (completion of which was achieved for only 10.1% of patients, representing an area deserving further research).
The demographic characteristics of the patients captured were consistent with expected patterns of hip fracture in the U. K., and with the findings of similar studies 3, 12, 13 , making these findings relevant and generalizable. Several factors that predict hip fracture mortality have previously been described in the literature, including patient age, American Society of Anesthesiologists (ASA) grade, prefracture mobility, sex, and hip fracture type 7, 14 . Unfortunately, these variables are nonmodifiable and therefore cannot be altered by medical interventions. Previous studies related to the U.K. National Hip Fracture Database have demonstrated an association between national audit and a reduction in mortality; however, these data were obtained through indirect methods 2 . Our finding that cumulative attainment of care standards confers a clinical benefit that is greater than the sum of its parts reflects an increasing recognition of the importance of so-called marginal gains in health care, and the involvement of a multidisciplinary team of specialists is the clinical manifestation of this philosophy. The importance of geriatrician input in the management of the complex cases of elderly patients with a hip fracture supports the findings of previous studies 15, 16 . The absence of urinary catheterization was significantly associated with improved outcomes, and although catheterization is often a marker of frailty, previous evidence supports avoidance of its routine use in the treatment of hip fractures [17] [18] [19] [20] . There are a number of strengths to this study. To our knowledge, it is the only direct assessment of a set of nationally agreed on clinical standards for hip fracture management with respect to patient outcome measures. Although this study is observational, it is unlikely that randomized controlled trials would be a suitable means of assessing these care quality and outcome relationships, and any such attempt is unlikely to be sufficiently inclusive to be generalizable to a real-world population. This study therefore represents the best available evidence in this setting. The prospective collection of data avoids the bias of case ascertainment associated with most retrospective cohort or case-control studies. Adherence to care standards was determined by auditors performing data collection and not by the study authors. These individuals were independent of our research group and were working within the framework of a national health institution with the purpose of improving the quality of care provided to patients. The follow-up rate was high (92%), ensuring fair capture of all outcomes; data collection was at the individual patient level, and the case-by-case recruitment method limited inaccuracies. The study cohort was recruited nationally across 21 hospitals; thus, our findings are representative of the general population and are applicable to other populations with similar demographics. The study highlights areas of interest for future research, such as the role of the individual ED interventions and the effects of prolonged fasting on recovery and outcome. Since we reported on the relationship of care standards and outcomes, the findings are likely to be generalizable and applicable to global populations.
A limitation of the study is that we were unable to control for any known or unknown confounders because of the retrospective nature of the analysis. The type of data collection also means that inferences from the study can only be interpreted on a national level. Further prospective studies are required to better understand and gain deeper insight into the impact of case-mix and individual patient-level prognostic factors, including preadmission performance status and specific details pertaining to operative management. This approach will allow the effects of the SSCHFP to be estimated on an individual patient level. The assessment of the impact of care standards on patient outcome has important policy implications. This study provides useful initial data pertaining to the effects of the SSCHFP on patient outcome. Further research is required to confirm our findings in an independent data set prior to internal and external validation.
Cumulative attainment of the SSCHFP is associated with better patient outcomes. The higher level of adherence to the care standards was associated with lower mortality at 30 and 120 days, shorter length of acute orthopaedic admission, and a greater probability of discharge to a destination equivalent to the prefracture level of care. Furthermore, a multidisciplinary approach to care, with early geriatrician and allied health professional involvement, was associated with favorable outcomes.
Our findings provide the best evidence currently available to clinicians, service commissioners, and health-care improvement agencies that the SSCHFP are clinically beneficial and represent a benchmark by which to organize the optimum management of hip fracture patients globally. n NOTE: The authors thank Jane Campbell for her contribution to the creation of the manuscript through her work in the delivery of the Scottish National Hip Fracture Audit.
